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Abstract 
Roadmap to Thailand’s NAMAs 2020 presents the pathway for greenhouse gas (GHG) mitigations within 2020. This 
study proposes estimation of CO2 countermeasures under 3 plans: the Alternative Energy Development Plan (AEDP) 
for 25% substitution of conventional energy within 10 years, the least cost greenhouse gas mitigation plan by the 
AIM/Enduse model, and the 20-year Energy Efficiency Development Plan (EEDP) during 2011-2030 and the 
transportation master plan by the Office of Transport Planning (OTP). This study also considers energy security and 
co-benefits from the proposed roadmap to reduce CO2 emissions. Results of energy security and co-benefit analysis 
are presented. The roadmap to Thailand’s NAMA 2020 will not only reduce CO2 emissions but also increase energy 
security and provide several co-benefits, which enhance sustainable energy and environment development. 
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1. Introduction 
With their concentrated and increasing populations, high levels of economic and cultural activity, 
cities are critical sites for addressing climate change [1] and greenhouse gas (GHG) emissions. Both 
climate change problem and GHGs mitigation have been the important issue of discussion in the 
Conference of the Parties (COP) which is the cooperation of parties to look into countermeasures for 
reducing GHG emissions, especially carbon dioxide (CO2) [2]. 
The Nationally Appropriate Mitigation Actions (NAMAs) was first mentioned in the Thirteenth 
session on Conference of Parties (COP13) named “Bali Roadmap” [3]. Under the collaboration, NAMAs 
are classified into two schemes: Domestically Supported NAMAs and Internationally Supported NAMAs. 
Thailand would prepare its NAMAs plan in order to show an intention of being the support on climate 
change challenges in South-East Asia. Moreover, in COP20 Thailand pledged its NAMAs on voluntary 
basis with its GHG mitigation in the range of 7-20% below the business as usual (BAU) case in 2020 
through GHG mitigation countermeasure in power generation, industry, buildings, residential and 
transport sector. 
This paper proposes the CO2 countermeasure roadmap for Thailand’s NAMAs under the components 
of achievement: 1) Thailand Power Development Plan (PDP2010: Revision 3), 2) the Alternative Energy 
Development Plan for 25 Percent in 10 Years (AEDP 25%), 3) greenhouse gas mitigation plan by the 
AIM/Enduse model, and 4) The 20-year Energy Efficiency Development Plan 2011-2030 (EEDP) and 
transportation master plan by OTP. However, this paper also focuses on the impact of energy security and 
co-benefits from the proposed CO2 mitigation countermeasure. 
2. Methodology 
2.1.  The Asia-Pacific Integrated Model/Enduse (AIM/Enduse) 
The AIM/Enduse model is linear programming with optimization framework under minimizing total 
system cost. The AIM/Enduse model has been developed [4] by the National Institute for Environmental 
Studies (NIES), Japan for investigating CO2 mitigation scenarios. The substructure of the AIM/Enduse 
model is given in Fig. 1 
 
 
Fig.1. Overview of AIM/Enduse methodology in the energy system 
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2.2. Energy security and Co-benefit 
Energy security is the availability of energy sources at reasonable price [5] and the association 
between national certainty and natural resources for energy consumption in the country. In this study, 
energy security index [6] as: 
x Diversity of Primary Energy Demand (DoPED) The rational for assessment of the diversity of energy 
supply is the concentration of one or few energy sources to supply and fulfill its energy demand that 
will result in more vulnerable or insecure. The final value acquired from this index is normalized on a 
0-100 scale. The value, which is close to 100, shows high energy security [7]. The DoPED can be 
computed from (1): 
DoPED = 
lnT
ilnpip
¦
         (1) 
Where; pi is the share of energy resource i to primary energy supply, 
 T is the number of energy resource, and 
The term of co-benefits is the indirect benefits from other effects achieved, apart from main objectives. 
The co-benefit indices [5] are presented as: 
x Energy Intensity (EI) is the term indicating energy efficiency of energy consumption in the country. 
The indicator that the less energy used per dollar of value added is better. This is connected to the 
decoupling of the economy to dependency of energy. The calculation of EI is defined as: 
EI = 
dollars) (US GDP
(toe) nconsumptioenergy Primary 
       (2) 
x CO2 Intensity (CI) describes CO2 emissions against GDP. This indicator relates to decoupling of the 
economy in connection with CO2 emissions. The calculation of CI is defined as: 
CI = 
dollars) (US GDP
)CO-(kg Emissions2CO 2         (3) 
x CO2 Emissions per capita (CECap) that indicates the amount of CO2 emissions per capita. The 
calculation of CECap is defined as: 
CECap = 
(person) Population
)CO-(kg Emissions2CO 2        (4) 
3. Results and Discussion 
3.1. Roadmap to Thailand’s NAMA2020 
The calculation of CO2 emission based on the electricity generation and demand of the PDP2010 
(Rev.3) to estimate future energy demand in Thailand. The result of energy demand in Thailand is 
presented in the Fig. 2. It shows that energy consumption will increase from 2005 to 2020. In 2020, the 
power sector will be the largest energy consuming sector. 
Results of CO2 emissions reduction were analyzed by using the AIM/Enduse under the national energy 
strategies in the power sector, building sector, industrial sector, residential sector and transport sector. In 
the 2020 BAU, CO2 emissions will increase from 186,730 kt-CO2 in 2005 to 358,575 kt-CO2 in 2020 (see 
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Fig. 3). The 2020NAMA scenario will be set as the reduction target of by 20% when compared to the 
2020BAU scenario.  The amount of CO2 reduction is about 73,087 kt-CO2 in 2020. 
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Fig. 2. Energy consumption in the 2020BAU scenario and 2020NAMA scenario. 
In Table 1, the Plan#1 is presented that in the case of NAMA7% the CO2 countermeasures includes 
renewable power generation such as biomass, solar and wind power, substitution of bio-fuels in the 
transport sector, and repowering/efficiency improvement of power plants in the grid of Electricity 
Generating Authority of Thailand (EGAT). 
The Plan#2 is the CO2 countermeasures of reducing GHG emissions based on the low cost or the 
marginal abatement cost (MAC) from the AIM/Enduse modeling. The objective of the Plan#2 is to 
achieve the CO2 reduction target of 20% in 2020. The Plan#2 includes promoting the use of high 
efficiency technology heating system in the industrial sector, promoting the improvement of high 
performance for lighting and air conditioning system in the residential and building sectors, promoting 
more use of bio-fuels: E10, E20, E85 and B5 in the transport sectors, and promotion of hybrid cars in the 
transportation sector and promoting the electricity generation by combined cycle, gas turbine, thermal and 
cogeneration power plants. 
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Fig. 3. CO2 emissions in the 2020NAMA scenario. 
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Table 1. CO2 mitigation plans in Thailand NAMA 2020 
Plan Countermeasures CO2 reduction (kt-CO2) CO2 countermeasure in 2020 
   NAMA7% NAMA20% 
1 Renewable energy 17,266 9 9 
Gasohol 3,517 9 9 
Biodiesel 3,194 9 9 
Repowering (EGAT) 960 9 9 
2 Industrial sector 7,160  9 
Building sector 6,338  9 
Residential sector 4,234  9 
Transport sector 2,914  9 
Power sector 15,504  9 
3 Transportation plan (mass transit) 12,000  9 
CO2 reduction (kt-CO2)  24,937 73,087 
3.2. Energy security and co-benefit analysis 
Result of energy security and co-benefit analysis under national energy strategies are shown in Table 
2. Change of DoPED showing the diversification of primary energy resources increases by 5.47% in the 
2020BAU scenario compared to year 2005. As with in the 2020NAMA20, the DoPED increases by 
9.27% to compare in 2005 due to the promotion of renewable energy in the PDP2010 rev.3 and the 
AEDP25% plan. Additionally, the result indicates that energy security in 2020NAMA scenarios is better 
than in the 2020BAU scenario.  
In addition the value of EI and CI are decreased in the 2020BAU by 20% and 16.51% respectively, 
when compared to the 2005. Moreover, in the 2020NAMA20 scenario will result in reduction of EI and 
CI by 8.33% and 19.78%, respectively when compared to the 2020BAU scenario due to promotion of the 
National Energy Strategies. As a result of the CECap, that CO2 emission per capacity is reduction by 20% 
in the 2020NAMA20 scenario compared to the 2020BAU scenario. 
 
Table 2. Change of energy security and co-benefit under the National Energy Strategies 
 DoPED 
(%) 
EI 
(ktoe/USD) 
CI  
(kg-CO2/USD) 
CECap 
(ton-CO2/Pop) 
2005 73.61 0.45 1.09 2.99 
2020BAU 77.64 0.36 0.91 5.35 
Change of 2020BAU compared to 2005 5.47 -20.00 -16.51 78.93 
2020NAMA20 80.44 0.33 0.73 4.28 
Change of 2020NAMA compared to 2005 9.27 -26.67 -33.03 43.14 
Change of 2020NAMA compared to 2020BAU 93.77 -8.33 -19.78 -20.00 
4. Conclusion 
The roadmap to Thailand’s NAMAs 2020 proposes measures to promote the reduction of GHG in the 
2020NAMA scenario, when compared to the 2020BAU scenario. This paper proposes CO2 mitigation 
through promotion of renewable energy generation, through the use of ethanol, biodiesel and energy 
efficiency improvement in power plants under AEDP25% plan. In terms of least-cost CO2 mitigation 
analysis by the AIM/Enduse model and the EEDP, including i) energy efficiency improvement in 
lightings, air conditionings and heating system in industries, ii) promotion of the use of bio-fuels: E10, 
E20, E85, B5 etc. and iii) promotion of hybrid car results in CO2 mitigation. Results are presented that 
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these three measures could reduce CO2 emissions by 73,087 kt-CO2 in the 2020NAMA scenario when 
compared to the 2020BAU scenario. Moreover, energy security and co-benefits are also considered. 
Regarding energy security aspect, in the 2020NAMA scenario when compared to the 2020BAU 
scenario, DoPED, will increase by 93.77%. The co-benefits in terms of EI, CI and CECap will decrease 
by 8.33%, 19.78% and 20%, respectively. Therefore, this roadmap of Thailand’s NAMA 2020 will not 
only reduce CO2 emission but also increase energy security and several co-benefits, which enhance 
sustainable energy and environment development. 
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